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SUMMARY 


Results 
The testing apperetus constructed was successfully 


utilized in applying ® compressive force and 6 sheering 


my 


orce to a plane, unstiffened, rectangular panel. Under 
combined conditions of loading, it wes found thet shear 
reduced the stability of a panel in compressicn. 
Odject 

The purpose of this investigation was to design, 
construct, and test a device which wes to be capable of 
applying a compressive force and a sheering force to a 
plene panel of plate. This device was then to be used 
to determine the combined effect of shear and compres- 
sion on a panel of plete of & Llength-to-width ratio cor- 
responding to the representative ratio of plating dimen- 
sions most often found in shiv construction. 
Procedure 

The strain at the center of a plene, unstiffened 
panel was measured by strain geuges. The panel wes com- 
pressed in a direction parallel to its longer sides anda 
subjected to a shearing force avplied in a diagonal direc- 
tion which was further resolved into components along the 
four panel edges by ae system of linkages. Meesurement of 
ecompresgive load wes made by a balance scale and of shear- 


ing force by strain gauges located in the diagonal shear 


load spparatus. 
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Conclusions 

It is pessible to attain the combined condition of 
loading in the panel with this apperstus. Difficulty is 
encountered in attempting to duplicate test results using 
other specimens. Improper functioning of the apparatus 
and inconsistencies in assembly have caused erratic strein 
readings in the specimens tested, 
Recommendations 

Consistent results may be obtained from the apparatus 
if the components are very accurately machined and assem- 
bled. Modifications made on the present arrengements to 
insure that the specimen is unstiffened, freely supported, 
and subjected to a more uniform distribution of shearing 


foree wili facilitete further investigation. 
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INTRODUCTION 


The applicetion of the theories of elasticity end 
strength of materials to the structural design of ships 
hes increased considerably in recent years. Limitations 
have been imposed uvon the direct application of these 
theories for several reasons, The most important Limita- 
tions are, firat, that the structural members mey be sub- 
jected to combined loading for which the theories may not 
apply, and, second, that the action of the members is 
governed by the method of essembly, degree of edge fixity, 
and the influence of adjoining structurel members. 

To insure thet the most satisfectory structure will 
be obtained, it may freauently be advisable to verify ex- 
perimentally the theoretical solution for the recuired 
Gesign. An experimental analysis will, in many cases, in- 
dicate the efficiency and safety of the structure, and, in 
addition, may lead to a possible saving of weight, which 
is very importent in ship design. 

Several experimental investigations have been con- 
ducted on the compression of rectangular plates end on the 
buckling of plates under shearing forces. In 1987, Paimer 
and Pfingsteg (4) made an experimental end theoretical in- 
vestiestion of the effect ef end fixity on thse strength of 
pleating in compression. Reports of the United States Ex- 
perimental Model Basin, the Devid Taylor Model Basin, and 


the Nationel Advisory Committee for Aeronsutics describe 
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experinental investigations conducted on stiffened and 
unstiffened plates under varying conditions end types 

of loading. <A brief description of typicel experiments 
on the buckling of plates is presented by Timoshenko (1). 

An important condition existing in the side shell, 
decks, end bulkheads of a chip is the combined epplice- 
tion of direct ana shear stresses due to the working of 
the ship In @ seawey, the condition of loeding, or some 
other cause. The more serious condition is that of com- 
bined compression and shear. Jt has been suggested in 
(2) that en experimental investigetion be maée of the ef- 
fect of shear on the compressive strength of plating. This 
suggestion has been eccepted as the objective of this re- 
port. 

In the field of eeronsutics, ean investigation of 
this combined condition of loading has recently been con-~ 
pleted. The test specimen utilized in this report (5) 
consisted of a long, rectanguler plate divided into a 
lerge number of rectenguler panels by stiffeners speced 
at regular intervals. The compressive force was applied 
in a direction parallel to the shorter edges of the panel, 
while, usually, because of the longitudinel arrangement 
of plating, in a ship the compressive force is applied 
parallel to the longer edges. The testing epparatus of 
this report (5) wes designed in such a manner that e@ vari- 


ation in degree of edge fixity along the longitudinal 
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edges of the panels could be obtained, Longitudinel, let- 
eral and shear strains were measured and the shepe of the 

buckled plate was determined by means of profile and slope 
recordings. From this date the stress distribution in the 
plate was computed, 

The testing device used in the report briefly described 
above served, to a limited extent, as a guide in the design 
of the testing epparatus used for the present investigation. 
In view of the limited time available and in order to sim- 
plify the problems of construction and testing, the appar- 
atus wee designed to accommodate a single, unstiffened, 
flet, rectangular panel. inasmuch as e riveted plate is 
considered to be freely supported, i.e. change of slope at 
the edges is permitted but deflection is prevented, the 
test specimen wes held on ell four edges by smell bolts. 
The verlous specimens tested were subjected to pure com- 
pression tests followed by combined epplication of compres- 
sion and shear forces, In a few instances, the specimen 
was subjected to e sheer force only. No effort was made to 
determine the distribution of stress in the panel, the ob- 
ject being simply to determine under what combinetion and 


magnitude of loading the buckling of the specimen would oc- 
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PROCEDURE 


The experimental work involved in this investiga- 
tion consists of two distinct perts which it would be 
well to clearly define et the outset. First, there is 
the design, construction end assembly of the testing ap- 
pereatus. Second, there is the actual testing of the 
plete specimens under veriable conditions both of the 
compressive load and of the shearing load, It is the 
first of these two phases on which the major tortion of 
the time and effort has been spent. 

The manner of applying the compressive loed to the 
plate specimen consists of two similar framework struc- 
tures which are referred to herein as the end fremes, 

The specimen is supported in e horizontel plene between 
the topmost bar of each of the end frames by steel plate 
mombers, which are welded to sections of pipe of such 
inner diameter thet they wili slide over the topmost bers 
of the end fremes. The topmost bers of the end fremes 

are themselves sections of steel pipe having a prover 
outside diameter to permit a loose fit between the two 
sections of pipe. A horizontal axis is established verti- 
cally below the topmost bar to permit rotation of the end 
frame in a vertical plene about this lower horizontai bear. 
At the outer end of the end frame, measured horizontally 
from the lower bar, a flat steel plate is welded in 4 


horizonteal position, On one of the end frames a vertical 
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force from e hydraulic jack is applied to the underside 
of this flet plate. Un the other end freme the forces 
transmitted through the epparatus exert a load along «4 
line of contact onto the weighing pletform of a balence 
scale located beneath the flat plate of the end frame. 

The design of the relstivse proportions of the end 
fremes is @ependent on the moments about the lower ber of 
the vertical force due to the hydraulic jeck and the de- 
sired compressive load transmitted into the plate speci- 
men from the uoper bar of the end frame. The proportions 
of the end frame on the scale side are similarly dependent 
on the load transmitted to the scale. The provortions 
adopted meke it possible to apply a 4006 lb. compressive 
loed to the plate specimen. 

Heving establisned the magnitude of the evaeiiable 
force from the compression testing apparatus the seiec- 
tion of the type of meterial and the size of the plete 
to be used for the specimen remained to be determined. 
From the survey of previous investigations it was evident 
that aluminum was the most desirable material for labor-~ 
atory work. It required further study into the properties 
of the various types of aluminum to reach a decision as to 
the type which best represented the behavior of structural 
steel. 

The dimensions of the plate specimen were arrived at 


by a study of side sheli end both transverse end longi- 
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tudinal bulkhead plans for various types and sizes of 
ships. The length-width ratio of 3.5 to Ll selected from 
this study, represents the average ratio for plate penels 
used in ship construction. Using this length-width ratio, 
calculations were made for the critical compressive stress 
for & purely compressive condition; end for the critical 
sheering stress for © oure shear condition. These calcu- 
letions were made on the basis of the plate being freely 
supported on four edges, first uncer uniform compression, 
and second when submitted to the action of e uniform shear. 
The relations used and the constant factors essociated 
with them were taken from reference (3). The critical 
values were determined for plate widths of four, five, 

and six inches end for plate thicknesses ranging from 
0.025 to 0.070 inches. The results of these criticel vsl- 
ues reveeled, that a force to produce the shear is on the 
order of five times that force required to produce the 
compression in the same plete. With the aim at ettaining 
the smallest of these required shearing forces, the plate 
width was chosen as six inches. 

The manner of applying a force to the plate so that 
uniform shear stress exists at any edge presented the 
most difficult problem. A force applied along a diagonal 
of the plate specimen mey be resolved into two components 
perallel to each of the edges of the plate. These com-~ 


ponents are proportional to the dimensions of the length 
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ang width of the plate. The seetring area of the plates 
edges is likewise proportionsl to the dimensions of the 
length end width for e given plate thickness. Thus 

when a force is applied along the ciagonel, its components 
along the length and wicth of the plete ere so propor- 
tioned as to cause an equal shear stress to exist elong 
ell four edges of the plete. 

To introduce the sheering force by pulling from each 
of two diagonal corners @ parallelogram linkage system 
hes been employed. This system consists of a solid flat 
steel plate, referred to as the lever plate, to which 
ere attached flet steel stripe called linkage bars. The 
other ends of the linkage bars are attached to the respec~ 
tive edges of the plate. Along the ends of the piate, 
these linkage bars ere bolted to the end compression at- 
bachments by @ single bolt. This permits reletive move- 
ment between the linkage end the compression ettachment. 
This is necessary since the end compression ettachment 
is only free to move along the axis of the upper bar of 
the end freme. 

For the connection between the linkage bars and the 
sides of the plate, that is the long dimension of the 
plate, egain a single pin is used to permit relative 
movement of the parts. In this case however the shearing 
foree is further distributed by three adcitionsl pins, 


each transmitting one fourth of the shearing force to the 
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plate. Each pin is connected to the other by a flat 
metal strip on top and bottom of the plate, so posi- 
tioned slong the length of the pin from the center of 
the plate, and of such cross sectional area that the 
reguired amount of shearing force will be carried into 
the plete. 

The first epproach to this problem was made by at- 
tempting to trensmit the shearing load to the sides of 
the plete through the laterel supports. This was later 
abendoned in favor of the method just described. The 
lateral supports thus serving only the single purpose 
of supporting the plate when subjected to e compressive 
load. The holes through these lateral supports for the 
four pins distributing the shearing load were drilled 
over size, thus preventing the laterel supports from 
contributing anything toward the application of the 
sheering force. 

A modification to the four pin shear distribution 
linkage system was attempted in the final stages of the 
investigation. This procedure employed only the two 
farthermost pins on either side for transmitting the 
shear force to the plate specimen. 

The magnitude of the shearing force to be applied 
to the plete in the direction of its diagonal has al- 
ready been pointed out es deing relatively lerge. In 


order to ettein the proper magnitude as well as direction 
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@€long the diagonai e wire rope is atteched to the corner 
of the lever plate at the two diagonally opposite corners 
of the plate. This wire rope is in one continuous piece, 
being looped around ae sheave et either end of the testing 
eppearatus. The sheaves sre mounted om shafte which ere 
supported by the flanges of on I~beam, which beam extends 
herizontally above the entire testing eopareatus and in 
line with the @iegonal of the plete, At the center of, 
and mounted above, the I-beam is a device for pulling ver- 
tically upward on the wire rope, which as hes been etated, 
is in one continuous piece, either end being attacned to 
one corner of the parallelogrem system at each of two di- 
agonally opposite corners of the plate. The upward motion 
of this jack screw, located eat the center of the I-+bean, 
exerts a vertical force which is the vertical component of 
the tensile pull in the wire rope. A means of close con~ 
trol on the megnitude of the shearing force is thereby at- 
teined. 

An additional attachment inserted in the line of eac- 
tion of the wire rope is a device which serves a combined 
purpose. One purpose is to act as a turnbuckle to remove 
the initiel slack from the system. The second purpose is 
to provide a means of determining the magnitude of the 
force in the wire rope. An SR-4 strain gauge is attached 


to either side of the center shaft on the flat areas milled 
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for the purpose, end meesuree the strain whenever e pull 
is exerted on the wire rope. The croes sectional area 
Of the shaft is known and thus affords e& means cf caicu- 
Lating the tensile force. 

The two systems ecting on the plate in this investi- 
gation act independently of each other as regards the ex-~ 
ternel application of the respective compressive and 
shearing loads. The only place within the system wherein 
the two independent forces are joined ig in the plate 
specimen. This interreletion of the combined action is 
the object of the present study. 

The assembly of the testing apparatus completes the 
firet part of the work. The second and most importent 
phese of the investigation is the testing of the plete 
specimens, The lack of time prevented carrying this por- 
tion of the work to the point where sufficient cate was 
obteined from which to determine complete results. Only 
sufficient informetion has been compiled to convince the 
authors that the designed eppareatus successfully perfoms 
the sought~-for relationship. In the course of this inves- 
tigation approximately eighty test runs were made of 
which only thirty four were considered of value. The 
dete from these runs is compiled in Appendiz C. 

The proposed testing procedure was to have been 4s 
follows. Each of three thicknesses of plate specimens 


were to be tested for pure compression and then for pure 
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shear to determine the critical buckling load for these 
two conditions independently. Having obteined these 
eritical velues the range of the experimentation would 
have been established. The next step is to test each 
plate under combined loading conditions by introducing 
eg measured shesring force, and mainteining this force 
constant while applying increments of ea compressive load. 
The critical buckling load which results will vary cde- 
pendent on the loed combinations. A plot of the ratio 
of the reguired compressive load for combined loading 
to the critical buckling losd for pure compression, ‘vs 
the retio of the constantly applied shearing load to the 
critical buckling load for pure sheer, will present 2 
graphie cicture of the effects sought in this investiga- 
tion. 

For e# detailed description of the testing epparatus 


see Appendix A. 
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RESULTS 








Ladle J 
Plate Specimen No. 1 Plete thickness 0.089 inches 
Run No. Type Test Observed Critical 
a -™ Buckling Loed {lbs) 
Mi Pure Compression 060 
2 Pure Compression [00 
¥ Pure Compression 4.80 
4 Pure Compression 089 
-) Pure Compression 560 
reble if 


Plate Specimen No, 2 Plate thickness 0,055 inches 


Run No, Type Test Averege Shear Observed Critical 


Foree (ibs) Buckling Load (ibs) 


§ Pure Compression 450 

? Pure Shear 1825 

8 Combined Compression <B6 420 
and Shear 

9 Combined Compression 635 640 


and Shear 


LO Combined Compression LOLS 880 
and Shear 
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Table Tit 


Pilate Specimen No, @ Plete thickness 0,935 inches 
Run No. Type Test Average Shear Obs served Critical 
—_ Fores (ibs) Buckling Loed (ibs 
ded. Pure Compression 28e 
Lé Pure Compression 290 
Lg Pure Shear B90 
at Combined Compression a7 230 
and Sheer 
15 Combined Compression 118 169 
end Shear 
L156 Combined Compreesion 246 69 
and Sheer 
Tebvle IV 
Plate Specimen No. 4 Plate thickness 0,0295 inches 
Run No. Type Test Average shear tees Critical 
¥orce (ibs) Buckli Load (ibs) 
L? rure Compression 280 
18 Combined Compreszion LOL 112 


and Sheer 


L3 Combined Compression O92 176 
and Shear 


HAG) Combined Compression 630 200 
ana Shear 


aL Combined Compression 875 320 
end Shear 
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Table V 


Plate Specimen No, 5 Plate thickness 9.064 inches 
Run No. Type Test Average Shear Observed Critical 
— Force (1bs} Buckling Loed (lbs) 
Be Pure Compression 1320 
23 Combined Compression 47 4 1300 


and Shear 


a4 Combined Compression LOR 1075 
end Shear 


25 Combined Compression 1660 B00 
and Shear 





Table VI 
Plate Specimen No. 6 Plate thickness 0.065 inches 
Run No. Type Test Average Shear Observed Critical 
Foree (lbs) Buckling Loed (lbs) 
26 Pure Compressicu 1240 
27 Combined Compression 474 12900 
and Shear 
28 Combined Compression 1067 1189 
and Shear 
23 Combined Compresation $30 1200 
and Sheer 
18) Combined Compression 1110 1000 
and Shear 
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Plate Specimen No. 7 


Run No. 





Type Test 





Pure Compression 
Pure Compression 


Combined Compression 
end Sheer 


Combined Compression 
and Shear 


L? 


Plate thicknees 0.030 inches 


Averege Suear Ovserved Critical 
Force (ibs) Buckling Losd (ibs) 


els 

ZL 

1g 18 
57 21.6 





RESULTS 


(1) The testine apparatus successfully introduced e com- 


pressive losd, which caused the specimens to buckle 
in pure compression et values approximating the the- 


oretical critical values of streas for the design 


conditions. 

(2) The apparatus which epplied the shear force to the 
specimens gave ineonsistent results. 

(3) The introduction of hoth e compression load and a 
sheer force to the specimens caused variations in 
the criticsl values of buckling. The majority of 
the deta indicates the stability of the specimen in 


compression is reduced by shear, 
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DISCUSSION OF RESULTS 


The major portion of the perlod availeble for conduct- 
ing this investigation wes spent in procurement of material, 
fabrication of the smsller components, and assembly of the 
testing epparatus. The schedule of testing originally 
plenned wes necesserily reduced considerebly so that actually 
only seven specimens wore mounted and tested. 

An inspection of the results of the several tests con- 
ducted in the course of the investigation reveels the diffi- 
eulty encountered in obteining consistent values and repro- 
Gucing similer conditions of installation of the specimen. 
The principal conclusions which can be dre from the test 
deta obtained are that the apparatus as desiened and assem- 
bled is capable of epplying loac to the specimen and that 
the buckled condition of the specimen cen de attained. 

Only two SR-4 strain gauges were mounted on the speci- 
mens, These were loceted at the centers of the panels, ér- 
ranged longitudinally, ons on the upper side ané the second 
directly beneath it on the lower side. By means of these 
reauges, buckling of the plete was detected. When the buck- 
ling condition was reached, these gauges no longer indicated 
a parallel trend of increasing strain. The formation of the 
buckling wave in the panel then caused tension on one side 
and increased compression on the opposite side of the panel. 
The necessity for accurate positioning of these gauges ig 


obvious. In e« few instances, formetion of the buckling 
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wave was observed visuelly shortly before the gauge in- 
Gications were recorded, It was not cossible to maintain 
e econstent visuel observation of the panel to detect this 
phenomenon nor was it possible to determine the megnituce 
of the force at thet particular instant, therefore cnly 
the strain geuge indications were relied upon eas the eri-~ 
terie for the attainment of the buckled condition. 

The general trend of the plots included in this re- 
port indicates thet the performance of all specimens con~ 
formed to the expected indications of veriation of strain 
with increasing load. The exect causes for the inconsis- 
tent values cf buckling loads are not Known, Several 
factors ure considered to heve contributed to the erratic 
results. 

The most importent feature in the essembly of the 
eppearatus and the specimen is the lerge smount of accu- 
rete mechinine of parts thet is required. As the plate 
specimen 13 mounted, eny misalignment occurring, whieh re- 
sults in « necessarily forced fit, probably causes the 
creation of e local, indeterminate condition of stress 
which may or may not effect the performence of the plate 
under test. It is essential that great precision and care 
be exercised in the fabrication of the lateral supports 
and thet all slates used for purposes of comparison be pree- 


pared simultaneously and be identical. 
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In the appiilcation of the compressive load to the 
plate it was frequently observed visuelly thet bending 
of the plate and the lateral supports occurred, in this 
condition, the appiled loads are ne longer truly in the 
plane of the plate and an uncontrolled condition existe. 
The eiigning strips at the ends of the laterai supports 
were instelled for the purpose of minimizing the bending 
effect. I+ would seem advisable to extend these strips 
a greater length on the compression pieces to further re- 
duce this bending effect. The aligning strips must be 
free to slide on the compression pieces when sheering 
forees are applied to the plate, therefore, it may be 
edvisable to apply a lubricant to the adjacent surfeces. 

In the performance of the several tests conducted 


44 was observed thst more consistent results were obd~ 


pte 
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teineé after a number of tests had been mace on a part 
cular specimen, This would indicate that it may be ed- 
vantageous to slowly apply the load to the specimen sev- 
eral times before beginning to record data, It was dis- 
covered thet after epplying e shearing force of sufficient 
magnitude to cause buckling, the plate wes distorted to 
such en extent that further tests were vValusless. 

In the course of the investigation, two arrangements 
for the application of sheer were used, The first design 
devended upon the simultaneous, even aistribution of 


sheering force to the plate through twenty - inch bolts, 
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evenly spaced on each side of the plate, This arrange- 
ment was not tested completely because the vertical 
travel of the jack for applying shear forces, did not 
permit the application of tne desired megnitude of 
shearing force and it was apparent that, due to slight 
ineocurecies in the febrication of the components, all 
twenty of the bolts on 2 side would not come into ection 
simulteneously. The second design utilized four 4 inch 
pins on each side of the plate. These were equally 
spaced and were connected by linkages which theoretically 
should have caused equal distribution of the sheering 
forces applied to the plate. Runs Nos. 14, 15, and 16 
which were conducted on Specimen No. 5S geve results 
which conformed to the trend of the theoretical solution 
of Warren (6), i.e. the stability of the panel in com- 
pression is reduced by shear. These were the only con- 
bined runs which indicated that the apparatus wes func- 
tioning properly. An investigation of the stress dis- 
tribution in this loading device by means of SR-4 geuges 
placed on each of the twenty-four links would indicete 
the effectiveness and accuracy of the system and may 
Lead to a more satisfactory method for equel distribu- 
tion of load. 

The values of critical, or buckling, stress are 
directly proportional to the square of the thickness to 


width retio of the specimen. Micrometer measurements 
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were made of plate thicknesses and the velues recorded. 
It has been assumed that the effective width of the spec- 
imens equalled the unsupported width between lateral sup- 
ports, namely, six inches. Due to the unevoideble dif- 
ferences in tightness of bolts, the effective width 
might sctually have been closer to seven inches, which is 
the distance between the rows of bolts. If the plates 
were similar in eli other respects, the variation in ef- 
fective width would have been negligible. 

The turnbuckle device for tightening the shear cable 
and measuring the sheer force enpplied to the specimen 
functioned in a very satisfactory manner. Strain readings 
teken on the SR-4 geuges attached to the turnbuckle indi- 
cated that it was subjected to bending. Steps should be 
taken to insure thet the optimum alignment is attained 
for this device, otherwise twisting of the lever plate 
end linkeges will occur which may adversely affect the 
specimen. 

If future investigations are to be conducted in this 
field, it may be edviseble to utilize & material having a 
low modulus of elasticity for the components in contect 
with the specimen. This will lessen the tendency for the 
lateral supports to sect as stiffeners and may lead to 


more accurate and reliable results. 
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CONCLUSIONS 


1. The apparatus as desiened and assembled is ca- 
peble of spplying compressive end shearing forces to the 
syvecimens. 

2. Although in only one complete series of runs it 
was found that shear reduced the stebility of plating in 
compression, it is felt that this result may be consis- 
tently reproduced if the apparatus is more carefully es- 
sembled and aligned, 

o, More consistent results are obtained if several 
rune are made before data is recorded, provided that the 
specimen is not subjected to the critical shearing force. 

4, Bending occurring during compression deflects the 
plate so thet it is no longer subjected to loading only 
in its own plane, thereby introducing a third and inde- 
terminate type of loading. 

5. Buckling may occur shortly before the Sk-4 gauges 
indicete its effect, therefore more geuges on the specimen 
mey be necessary to detect the formation of the initisl 


buckling weve. 
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RECOMMENDATIONS 


1. An analysis of the shear distribution linkage 
system by means of Sk=-4 gauges should be mede to deter- 
mine the effectiveness of the system and to determine 
possible improvements. 

2. Components of the shear loading device in contact 
with the plete should be mads of a material of low modu- 
lus of elasticity to minimize the stiffening effect of 
the laterel supports. 

Oo» Aligning strips should be extended to reduce the 
possibility of bending the specimen under e« compressive 
Load, 

4, The turnbuckle device should be adjusted so thet 
it is free from bending effects and will not cause rota- 
tion of the lever plate to which it is attached. Cere- 
ful adjustment of the shear cable mey assist in reducing 
bending of the turnbuckle. A more permanent location for 
the strein gauges in the shear system may be desirable 
inasmuch es it has been frecuently found necessary to 
disconnect the leads from the gauges when rotating the 


turnbuckle. 
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APPENDIX A 
DETAILS OF PROCEDURE 


Description of Apperatus 

fhe specimens were Aluminum plate AL~5&-8H conforming 
with Nevy Specification ¢7-A£-11, The characteristics of 
this material are; modulus of elasticity 10,300,000 nsi, 
tensile strength 34,000 psi, yield strength 26,000 pst, 
shear streneth 20,000 psi, endurance limit 18,000 psi, and 
elongetion in 2 inches le per cent. The plates were 22.5 
inches long ana & inches wide, the clear dimensiones between 
end compression pieces and Detween lateral support menbers 
thus becoming ZL inches hy 6 inches. The latter dimensions 
were used in all computations for critical bucicling loads 
for a length-width ratio of 3,5 to l. 

The ends of the plate were drilled with & inch dieme- 
ter holes to Line-up with those drilled in the end compres- 
sion attachments, They were spaced 3/8 inches from the end 
of the plate and at 1 inch intervels except et the sides 
where the holes were drilled st 5/8 inches from the sides 
so as to be in line with the row of belts along the later- 
al support members. 

The four holes on either side of the plete which eccom- 
modate the four shear distribution pins were # inch in diem- 
eter and speced # 5/8 inches from either end with 5% inch 
spacing between the holes, and # inch from the edge of the 


plate. The holes for the screws holding the laterel supports 
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in place were approximately 11/64 inches in diameter, 
specec et about i inch intervals between the *# inch 
holes slong the edge, and 5/@ inchee from the edge of 
the plate. 

Leteral Supports 

The lateral supports were four in number two on 
either side, on top and bottom of the plate. They were 
5/16 inch by 1 ineh steel strips, 20 5/4 inches lone. 
When bolted to the plate specimen there was a gep between 
them and the end compression attachments of approximetely 
1/8 inch. Holes of 11/64 inch diameter coincided with 
those drilled in the plete specimen for the 68-32 sorews 
which bolted the lateral supports to the plate. Holes 
of 5/8 inch diameter were drilled in the lateral supports, 
concentric with the four # inch holes on each side of the 
plete. Thus the shear distribution pins did not transmit 
their force into the lateral supports, but instead, di- 
rectly into the plate. 

Shear Distribution Pins and Linkage Bars, 

The four + inch dismeter pins ere shown in sketch in 
Appendix B es I, Ii, Iii, and IV. Pin I is agted upon by 
a force F/2 which is applied et 1 1/4 inches on either 
side of the plete specimen. This force F/# is transmitted 
from the lever plate through a steel bar 5/16 inch by 1 


inch in eross section. Bar A of cross section 2/15 inch 
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by 1 inch acts at 4 point 1 inch on either sids of the 
plate. The position of Bar A waa calculated to trans- 
mit e force F/4 into the plate et the center of pin I, 
Berea B end C were similarly located, se thet one fourth 
of the applied shear loed isc trensmitted into the plete 
at the center of pins II, JII, and IV. Bars A, B, and C 
each have + inch diemeter holes drilled on 5+ inch cen- 
ters, Bar A puils on pin II at 1 inch from the pin cen- 
ter, Bar B of cross section + inch by 7/8 inch pulls 
on pin Ii et 3/4 inch from the pin center, and also on 
pin III at the seme location, Ber C of cross section + 
inch by 1 inch pulls on pin IV at 4 inch from the pin 
center. The bars A, B, and C ere held et their correct 
position by insertion of spacers concentric with the 
pins. The eample calculations for this distribution sys- 
tem aro given in Appendiz B. 
Alisning Strips 

Short sections of 1/8 inch by 1 inch steel etrips 
approximately S inches lone were bolted at each of the 
four corners of the plate, one piece on both top and 
bottom. Two holes were drilled to coincide with the 11/64 
inch holes drilled in the leteral supports, and a third 
hole was concentric with the # inch hole in the compres- 
sion attachment, which was 5/8 inch from its edge. This 


Latter hole wes enlarged considerably to permit reletive 
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movenent of the leteral supports, and the compression at~ 
tachments. The purpose of these pleces of metel wes to 
prevent unintentional bending of the plate specimen between 
the end compression atteciments and leteral supports, and 
yet permit the compressive force to be exerted directly 
on the plate without being introduced into tne lateral 
eupport members, 
Compression Attachments 

The two identical compression attechments consisted 
of a section of 1g inch standard steel pive & inches 
long, to which was welded a plece of # inch steel plate 
& inches long by S% inches wide, so thet the steel plate 
extended radially outward from the center of the steel 
pipe. The outer 8 inch by ¢ inch edge of this plate had 
a slot milied 3/4 inch deep by 1/6 inch wide centrally 
Located along this edge, The ? inch holes drilled at 3/8 
inches from the edge and equally spaced at 1 inch inter- 
vals corresponded to those Grilled in the end of the 
plate specimen. A 2/8 inch hole was drilled et 1 3/4 
inches from the outer edge and & inches from one side to 
provide the connection for the iinkage bars to tne lever 
plate. 
Bud Frames 

The two end frames were identical in construction, 
The material consisted of ¢ ineh mild steel piate, joined 


to sections of lL inch extra strong steel pipe and lg inch 
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standard steel pipe. The 1# inch pipe with inner dien- 
eter 1.580 inches permits the 1 inch pipe with outer 


diameter 1.215 inches to fit loosely within it end forme 
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the pivoting axes of the compressing device. The dis- 
tance center to center from the lower pipe section to 
the upper pipe section wes ¢ inches. The distance from 
center of the lower pipe section to the vertical mounted 
reinforcing plate section was 3 feet. It wes benesth 
this reinforced section at which the hydraulic jack 
force was applied «et one end, and beneath which a line 
of contact with the balance scale was esteblished on 
the other end. These dimensions gave a 4 to 1 ratio 
between applied force and that actually exerted on the 
plate specimen. 
Balance Scale and Hydraulic dack 

The balence scale capacity wes 1009 pounds. It 
was this value which established the maximum cesien con- 
ditions in this investigation. The hydraulic jack, 
which was purchased commercially, had a capacity of % tons. 
Lever Plates 

The two icentical Lever plates were constructed from 
+ inch steel plate, cut to provice clearance for opere- 
tion of the apparatus. Three # inch holes were positioned 
¢o that their centers formed a right triangle with the 


longer leg 17$ inches and the shorter leg 5 inches, mein- 
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teining the 3.5 to 1 retio of the plate specimen, 
furnbuckle and Strein Gauge Device 

This device was designed by the suthere end wes made 
by the M.i,T. Civil Engineering Structural. Laboratory per- 
sonnel. Two flet areas were milled on diametrically op-~ 
posite sides of e@ piece of 1 inch diameter bar stock. Cress 
sectional area of ber between milled flats was 0.6075 eq. 
inches. Width of milled section wes 0.75 inches, and the 
length approximately 24 inches. The length of the thresd- 
ed travel was 4 inches, 
Wire Rove 

The shesring foree was applied through approximately 
14 feet of 6 x 19 % inch wire repe which hes the following 
chearacteriatios; metellic area 0.098 sq,in., modulus cf 
elasticity 12,000,000 lbs./eq. in., and breaking strength 
9.35 tons. This wire rope was connected to the lever 
plate directly on one end by a sta a/a ineh shackle, 
and on the other end to the turnbuckle by the seme size 
shackle with modificetions to suit the desien,. 
I-Beam and Sheaves 

The I-beam wes a standard 6 x 4 x 127% beem which had a 
section modulus of 1.44 inches cubed, for the position in 
which mountod, At eech end 10 inches of the web was re- 
moved to permit insertion of sheeves. These were standara 


12 inch sheaves, bronze bushed, with 1 inch diemeter shafts. 
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The shefts were supported by the two flanges of the [- 
beam, through which 1 inch diemeter holes were drilled. 
The holes for these shafts were 4 feet 9 inches from the 
center of the beam, The I-beam wac supported by 2 x 4 
pine members, bolted at exch end so that the center of 
the sheave shafts were approximately 5 feet above the 
floor level, 
Shearing Force Jack 

The verticel jeck screw at the center of the bean 
held the center of the wire rope at approximately LO¢ 
inches above the center of the wed of the beem. An ade 
éitional travel of 4% inches was eveailable on the threed- 
ead portion of the screw to raise the wire height to ap- 
proximetely 15 inshes sbove the center of the web. The 
verticel movement of this screw was designed to transmit 
10,000 lbs into the wire rope, however this force was 
subject to variation, dependent on the initial force in 
the cable when the turnbuckle was tightened. In the 
tests performed, forces #2 great as 4000 1b5. were msee- 
sured, 
Strain Gauges and Strain Indicator 

The CR-4 strain gauges were Bonded Resistance Wire 
Gauges manufactured by the Baléwin Southwerk Division, 
Baldwin Locomotive Works, The specific gauge used wes 


en A-lL, 119.8 ohm, with gauge factor 2.04. The strain 
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readings were obteined by the use of an SR-4 Strain Gauge 
Indicator, akso manufectured by Reldwin, The strain 
gauges were mounted of coth sides of the plete specimen, 
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to the longer dimension of the plate. 
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APPENDLZ C 


VRIGINAL DTA 
Specimen: Pieate Wo, 1 Plate thickners: 6,049 inches 


Conditions: Leterel supports of ¢ inch by 1 inch crose section, 
Bolt holes in lateral sunvorts + inch Claneter spaced 
et 1 imenh intervals, Size 12-24 bolts used im the % 
inch holes, Used £ ineh —, “> end compression ate 
Leaechment holies. Sheer force attachments disconnected 
frou the plate specimen, All bolts finger tight 








RUN No. 3 Date: 24 Mareh 1949 RUN No. 2 Dates 44 March 1949 
Type: Pure Compression tyees Pure Compression 
Axial Strain Gauge &xiat Strain Gauges 
Compressive (micro-~-in.} Compressive (micro-in, on 
Load (Lbs) Top of Boveem of Load (lbs) Top of Bottom of 
_. Plate. Plete __... Plgie Flate 
© = @& = &3 42 - {9 ~ 32 
204 - 72 = & 78 - 49 -~ 4° 
£88 - LLO - 89 LEO - 51 - 61 
SDs ~ 142 - 101 156 - 932 + @ 
£80 -~ 198 - LO 280 ~jli = 85 
580 - 246 - 10S OBS -~ 1389 - 62 
67 6 ~ oO1i - 83 586 ~ 1k ~ L002 
780 - S91 ~ 485 £49 ~ 150 - 115 
896 - 420 = @ 476 - 175 -=- LBS 
DRA - £00 «= Lz4 
256 ~ £268 j- Led 
596 ~ 256 = 106 
640 ~ £89 —- 96 
680 -~ 316 .- 64 
71é - $24 - 565 
7 60 - 348 - 7 
800 - 376 - 29 
832 - 39 ~ 5 
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Specimen: Plate No. 1} Plete thickness: 9.039 inches 


Conditions: The same aes kun No. i. 


RUN No, 3 Date; ¢1 March 1949 


Type: Pure Compression 


Axial Strein Gauges(micro-in, } 

Compressive Top of Bottom of 

Load (lbs) Pigse. ON a 
94 ~~ Oe » 88 
178 »~ 59 [ « 8B 
206 - 92 mW 74 
JOG » Led - 97 
596 ~ 104 om» 74 
480 + L623 ~ 104 
S7 é ~ B35 100 
652 ~ 264 - 82 
712 = SOL - BD 
784 ~ G4) + 








opecimen; Plate No. 1 Plate thickness: 0.039 inches 


Conditions: Lateral supports the seme «s Run No. 1 with tho excep- 
tion thet ¢ inch bolts were used in the # inch bolt 


holes of the leteral supports. All other conditions 
the seme as Run No. l. 


RUN No. 4 Date: 5 april 1949 RUN No, 5 Date: 5 April 1949 

Type: Pure Compression type: Pure Compression 

Axial Strain Geuges Axial Strein Gauges 

Compressive boron in. J | Compreseive {gicro~in.} | 

Load (lbs) Top of Bottom of Load (lbe) Top of Bottom of 

Plate Plate i Plete Plate 

108 - @ - 112 - £2 - 88 
208 - FD - 66 oi6 - 38 ~ Dg 
018 ~ 107 ~ 10% 284 - 683 - 67 
364 ~ 126 - 121 056 ~ LOB - Lic 
440 -~ 152 + 153 444 ~ 136 ~ 143 
O20 ~ 169 - 182 On4 ~ 162 ~ 181 
596 ~ 179 -~ 211 620 -~ 162 - 25) 
680 - 14% ~ 269 856 ~ 138 - £72 
756 - 1135 - G2) 736 -~ 61] ~ JD 
828 ~ SO - 374 845 - 62 ~ 393 
904 + 17 = 484 928 - $3 - 409 
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Svecimen: Plate No, @ Plate thickness: 0.022 inches 





Conditions: Lateral supports: of eress section 3/16 inch by 1 inch, 
bolt holes 11/64 inch diameter, latersl supports held 
to plate e repre by 8-52 size screws, finger tight, 
Shear force attachments connected to plete specimen. 








RUN No, 6 ODeate: £0 April 1949 RUN No, 7  #$j\Date: ¢1 April 1949 
Type: Pure Compression Type: Pure Shear 
Axial Strain Gauge Sheer Force Strein Geuges 
Compressive (micro-in,} Along Diag. (miero-in.} 
Load (lbs) Yop of Bottom of (lbds} Top of Bottom of 
Plato Piase —— Piste Pilate 
1.36 -~ 4&6 ~ 49 1.73 + + 9 
220 - §0 -~ FO 420 + 86 + 78 
304 ~ 108 ~ 98 675 + 134 + 120 
404 ~ 159 - 110 911 + 178 + 159 
472 - £02 - 115 L220 + @h2 + 1&8 
S52 ~ B79 - 96 1550 + 882 + @20 
O7 2 ~ BO] - €&1 1895 + £81 + 826 
2015 + £97 + B26 
S115 + S01 + §x0 
2225 + 389 + @0i 
A285 + 334 + 199 
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Specimen; riate No, 2 Plete thickness: 0.033 inches 








Conditions; The Same as Run No. 6. 
RUN No, 8 Date: 41 Aprii 1949 KUN Ho, 9 Date: ¢i April 1949 
Tyoe: Combined Compression and Shear. Type: Combined Compression and 
Constant shear force alone the ohneer, Constant shear force 
diagonal 286 pounds. along the diagonal 6:45 
pouncs. 
Axial Strain Gauges Axiel Strain Gauges 
Compressive (micro~in.} Compressive (micro-in.} 
Loed (lbs} Top of Bottom of Losd (lbs) Yop of Bottom of 
Piate Plete . - _. Plate rlate 
L356 + 6 - i 64 + 89 + 86 
LEA ~- IG ~ £8 156 + LL + 7 
OL - OL ~ 4 BRU ” a - 16 
oog - 29 ~ 54 316 ~ we ~ 89 
456 » 119 - 61 584 ~ 61 - 61 
040 ~ 187 ~ 44 486 ~ &7 - 738 
612 » £89 + £26 5Oo) - 932 » 7G 
540 © LO - §&5 
600 ~ 1LS& # 100 
536 ~ 156 « LOE 
684 - 184 ~ 102 
708 ~- BOO ~ 100 
740 ~ 228 ~ 99 
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Specimen; Plate No. 2 Plete thickness: 90.03 inches 


Conditions: The seme as Run No, 6. 


PUN No. 10 Date: 21 April 1949 


Type: Combined Compression and Sheer. 
Constent shear force along the 
Clagonal 1015 pounds. 


Axiel Strein Gauges(micro-in,) 
Compressive Top of Bottom of 
Load (ibs) Plete rlate 
S + 56 + 4 
164 + 5 + S 
226 + o - 9 
382 - ad - 45 
396 ~ 83 - 5& 
47 2 - 64 ~ 68 
ars ~ 28 - 78 
600 ~ 94 -~ 89 
624 10% -~ 97 
664 - 11S ~ 104 
720 ~ LSS ~ Li? 
7328 ~ 142 - 123, 
768 ~ L54 - 18% 
Ba4 » 175 » Lg 
865 ~ 19% - 141i 
900 - 806 ~ L4? 
940 r aes - 140 
972 ~ 254 - 10% 
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Specimen: 





Plaie To, 2 Plate thiekneses: 0.9003 inches 


Lo 


Conditions: Laterel supports of cross section 3/16 inch by 1 inen, 
bolt holea 11/64 inch diemeter, laterel supports and 


plate specimen joined by 6-32 size screws, finger tight. 
sheer force sttachments connected to the plate specimen, 


RUN No. 11) Date: 27 April 1949 RUN No, 12 Date: 27 April 1349 





Type: Pure Compression Type: Pure Compression 
AxielL Strain Gauges Axial otrain Gauges 
Compressive (micro-in.) Compressive {micro-in.} 
Load (lbs) Tep of Bottom of Load {lbs} Top ef Bottom of 
_ tahoe Piste _ PLELE Plate 
Lek -~ 56 - 2G 138 - 28 om 1 
198 ~ 69 - Al 208 - 70 - 42 
oL4 - i118 ~ 52 54 - 120 - 50 
870 -ise - 3768 ~ 127 »~ 4) 
we4 - 168 ~ 30 he. 4, » 162 » 69 
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Specimen; Plate No. 3 


Conditions: The eames ess Run No. 
RUN No, 15 Date: 27 April 1949 
Type: Pure Sheer 


Shear Foree Strain Gauges 
Along Dieg. (micro-in.} 








(ibs) Too of Bottom of 
_. Plate Plate . 
45 ip i 0 
91 - 16 - i109 
228 + 8S - 4 
2ST - §5 -~ G&G 
288 ~m YF - 33 
SLO ~ 9) - 28 
OO7 » ic ~ 
365 ~- 1355 - B77 
410 ~ 161 ~ 49 
RUN No, 15 Date: 27 April 1949 
Types: Combined Compression end 
Shear. Constant shear fore 
along the diagonal 116 
pounds. 
Axial. strain Gauges 
Compress sive (micro-in. } 
Load (lbs} Top of Bottom of 
Pilate Piashe 
L4é -~ 99 ~ 90 
L778 ~ Lil - 73 
£14 ~ 132 - 69 
2aG - 146 ~ 68 


or 
(3 


Plate thickness: 


Rd. 

RUN No. 14 Dates 27 April 1949 

Type: Combined Compression and Shear. 
Constant Shear force slong the 
diagonal 27 pounde 

Axial Strain Gauges 

Compressive {micro-in., } 





Load {ibs} Top of Bottom of 
ee Plate 2. Pee 
Lwe ~ 45 ~ 86 
el4 ~ $81 -~ 39 
296 ~ Lie = oF 
Joe ~ 140 »m 29 
RUN No. 16 Date: 27 April 1949 
Pe Combined Compressicn and Sheer. 
Constant shear force elong the 
ijsgonal 246 pounds. 
Axial ctrein Gauges 
Compressive {micro-in.} 
Load (lbs} Top of Bottom of 
— tate, Fiebe 
66 ~ Sh ~ £1 
L104 - 68 - 8 
L4e - 89 - Ll? 
1866 - 99 ~ 14 
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Specimen: Plate Nio. 4 


Conditions: Lateral supports of cross section 


Plate thickness: 


0.0395 inches 


3/16 ineh by 1 inch, 


bolt holes 11/64 inch diameter, laterel supports end 
plate specimen joined by &~-S2 size screws, finger tight. 
ohear Torce sttachnents connected to the plate specimen. 


RUN Ko, 


Type: Pure Compression 


Axial 


Compressive 


Load (lbs) _ 


112 
192° 
276 


iW 


Date; 


oO April 1949 


Strain Gauges (micro-in.} 
Top of 
Plete 


wee 


RUN No. 18 Date: SO April 1949 


RUN No. 19 


Bottom of 
Plate 


- «ad 


- 150 
-~ 1l@l 


Date: GSO April 1949 


Type: Combined Compression and Type: Combined Compression and 
Shear. Constant shear forces mhear, Constant shear force 
along the diagonel 191 along the diagonal 492 
pounds, pounds. 
Axial Strain Gauges Axial Strain Gauges 
Compressive (micro-in. Compressive (micro-in.) 
Load (lbs) op of Bottom of Loed (1lbs} Top of Bottom of 
Plate Plate Plete Pilate = 
¢) ~ 9 ~ 1 + 7 ea? + 8 
88 - R82 - £2 48 + @s + 
112 - £9 - 44 96 + 8 - % 
164 =~ £2) ~ 89 L323 is re -~ 18 
192 10 - 101 172 + 1 ~ 36 
204 + $ - 65 
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Specimen: Pilate No, 4 Plate thiekness: 0.0395 inches 


Conditions: The same es Run No. 17. 


RUN No. 20 Date: SO April 1949 RUN No, 21 Date: 30 Anril 1949 


Type: Combined Compression and Type: Combined Compression end Shear. 


Shear, Constent shear force Constant shear force along the 
elong the diegonal 65 diagonal 875 pounds. 
pounds. 
Axiel Strein Gauges Axial Strain Gauges 
Compressive (micro-in.) Compressive (micro-in. } 
Losd (lbs) Top of Bottom of Load (lbs) Yoo of Bottom of 
Plate  Piaete Plate Plete 
Q + z + 0 -~ dll - I. 

8 4. #- li - 10 LO4 - ol » £9 
LSE ~ 86 = £9 144 -~ 428 - 34 
164 - ol - 8 184 ~ §5 - 38 
£00 ~ 2 - 49 oe ~ FO - 
244 - 3) ~ 68 276 o WS - $4 
264 ~ 89 » Fe 204 » “Bh - 659 

T28 - 60 - §8 
564 = 72 - 68 
398 - 55 - §&§& 
420 + GF ~ 158 


60 
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opecimens Piste No, 5 Plate thickness: 0.064 inches 


Conditions: Latersl supports of cross section 3/16 inch by 1 inch, 
bolt holes 11/64 inch diameter, lateral supports end 
plete specimen joined by 8-32 sine screws, finger tight. 
chesr force attachments connected to plate specimen. 





RUN No, 82 Dates 5 May 1949 RUN No. 23 Date: 4 May 1949 
Type: Pure Compression Type: Combined Compreesion and Shear. 


Constent shear force along the 
diagonal 474 pounds. 





Axial Strain Gauges Axial Strain Gsuges 
Compressive (micro-in.} Compressive (micro~in.} 
Load (lbs) Top of Bottom of Loed (lbs) Top of Bottom of 
__ Pigte Plate awn =e. Tiare... 
L172 - 3h - £5 0 ~ 7h - 57 
272 - 50 - 43 268 ~ 125 ~ 79 
o76 ~ 68 - 56 460 ~- 170 - 68 
vO4 - 90 - 76 666 ~ £11 ~ 102 
068 ~ LOG ~ 85 852 » B45 - 114 
6 BO ~ 125 ~ 103 LOSz ~ BFS ~ 123 
778 » 143 @~ LL4 LE56 - Oba - 151 
S72 ~ 156 ~ 122 L2#96 - O16 - 13d 
972 -~ L7O - 132 L4i6 ~ Bed4 «- 129 
LO7E ~ 189 ~ 13 1456 » ABE ~ 128 
1172 ~ 200 - 143 L492 ~ 254 ~ 127 
L272 - £13 ~ 144 
1382 ~ £a4 - 148 
1460 ~ £40 ~ 144 
1548 ~ 250 ~ 142 
1580 -~ £51 ~ 143 
1620 ~ 254 ~ 142 
1632 ~ £59 - 142 


61 
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cpecimen; Plete No. 5 Plete thickness; 0.064 inches 


Conditions: The same esc Run No, S28 


RUN No. £4 Dates: 4 Mey 1949 RUN No, 25 Date: 4 May 1949 


Type: Combined Compression and Type; Combined Compression end 


Shear, Constant shear Sheer, Constant sheer 
force elong the diagonal force along the diagonel 
10190 pounds. 1660 pounds, 

Axial Strain Gauges Axial Otrein Gauges 


Compressive juioronin Compressive (micro-in.) 
Loed (1be) op of Bottom of Load {lbs} Top of Bottom of 


Plate Plate _..... Fiste Fiete 

0 ~~ FL ~ 18 0 - 99 + 6 
289 ~ 143 -~ 4% 492 - BLS -~ 20 
456 ~ 160 ~ 6). 700 - £51 - 26 
680 - REE ~ 78 87E ~ B79 ~ 26 
868 ~ 257 ~ B87 920 - £8) ~ £26 
1068 - £87 - 86 960 ~ 285 -~ 26 
1264 ~ 505 - 67 1.000 ~ £91 - B25 
1544 ~ S19 - 85 41036 ~ 295 - 25 


62 





< ve - wo wh Th of aoe 
eens OsReeeer tt 
~v' 
: ‘Weed Gal 0 


f westesers. 


py seeee 














J 


,.@ 


Specimen: Pilate No, 6 Plete thickness: 0.065 inches, 
Conditions: Lateral supports of cross section 3/16 inch by 1 inch, 
belt holes 11/64 inch diemeter, laterel supports end 
plate specimen joined by 8-32 size screws, finger tight. 
Shear force attachments connected to olete specimen on 
each side by Pins IIL end IV only. 
RON No. 86 Date: 5 Mey 1949 
Type: Pure Compression 


Axial Strain Gauges 
Compressive (micro-in.}) 


Load (lbs) foo of Bottom of 


a Plate Plete 
£60 ~ 46 o 40 
6o4 «= LES ~ BE 
860 ~- 154 ~ O92 
1064 - 192 - 99 
1240 » B20 -~ LOL 
1336 ~ Ba » LOL 
1408 - PB4&] » OG 
L444 » 243 » 9G 
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specimen: Plate No. 6 Plate thickness: 90,065 inches. 


Conditions: The same as Run No. 26 


RUN No, 27 Date: 5S May 1949 KUN No. cB Dete: 5 Mey 1949 


wire 


Type: Combined Compression and Type: Combined Compression and Sheer, 
Sheer, Constent shear Constent shear foree along the 
force along the aiagonel liagonal 1067 pounds. 


474 pounds, 





Axiel Strain Gauges Axial train Geuges 

Compressive (micro~in.) Compressive (at lanl . 
Loed {libs} Top of Bottom of Loe 2a (1ba) Top or Hotton of 

Plate cee. tcp. Moaaee Plate 

0 -~ 9 ~ ii G - FF ~ 4h 

OLE ~ 115 -~ 4&5 31s ~ LSEz ~ 40 

704 »- 207 -~ FS ULES ~ ZOOL =» 49 

L000 - £60 - §9 700 » 208 - 61 

1128 - £75 ~ 96 904 ~ £76 » §9 

LEL6 - £ez - 96 LOe4 - 292 - 7 

L125 ~ £87 ~ 26 LO4a - £97 oe FE 

1300 - £89 o QF 1096 - 301 - Fe 

1132 - 202 ¢ Fe 

1176 ~ 306 ~ 76 

LZiz - 510 - 77 

1260 - SLL «~ 7? 

1288 ~ SLi - 76 

L349 - S16 ~ 76 
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Specimens Piate No. 6 Plate thickness: 0.065 inches 


Conditions: The same as Fun No. 85 


RUN No, £9 Date: 6 Mey 1949 RUN No, 30 Dete: 6 Mey 1949 


Type: Combined Compression and Type: Combined Compression and Shear. 


Shear. Constant shear Constant shear force along the 
force elong the dlagonal dlagonal lilo pounds. 
voU pounds, 
Axial Strain Gauge Axial strain Gauge 
Compressive (miecro-in.} | Coupressive (micro-in,)} 
Koad (ibe) Top of Bottom of Loaa (lbs) Pop of Bottom of 
. Plate Fliaie .. ...........—d Figte Piste... 
QO - $9 - & 0 - 98 -~ £5 
296 - 120 ~ §4 364 ~ 184 = 43 
492 ~ 160 - 99 492 ~ €1L0 - 50 
704 - £07 - Lili 088 » B35 - 52 
909 ~ £48 ~ 126 650 ~ £49 - §9 
LOlLe ~ £67 ~ 149 764 - £60 - 60 
19696 ~ BPa -~ 142 840 - 26). - 61 
Lise ~ £97 ~ 146 924 ~ gal - 64 
1168 ~ 280 - 143 LO90 - 290 - 69 
1204 - 285 ~ 148 1084 - 300 - 69 
1256 ~ 289 - 144 dudeOO ~ 306 ~ 69 
1296 ~ £88 - 144 1200 - 508 - 69 
1364 - 294 ~ 1428 1280 - 31s - 69 
L412 ~ £98 ~- 142 1324 = 317 - 69 
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Specimen: Plate No, 7 Plate thickness. 0.030 inches 


Conditions: Gateral Supports of crosc section 0/16 inch by 1 inch, 
bolt holes 11/64 inch een leterel supports and 
piate | specimen gOolued by 8-32 size screws, finger tight. 
Shear force eattaciments connected to plete specimen on 
eéach side by Pins III and IV only, 











RUN No. S31 Dete: 6 Mey 1949 RUN No. Je Date: 6 Mey 1942 
Type: Pure Compression types Pure Compression 
Axial Strain Gauges Axial rain Gauges 
Compressive inhorg in.) Compressive {nicre- dele. 
Load (lbs) Top of Bottem of Load (lbs) Top of Bottom of 
Pilate Plete _ Plete »Pléte 
60 ~ pa -~ 1? 60 - 86 -~ 19 
Lo6 - §9 ~ LOO -~ 44) ~ £6 
216 ~ 108 - 46 L4G ~ 61 - & 
296 ~ 158 - 37 176 - 6 ~ 4&0) 
558 ~ 187 ~ 27 aA: #» LLO - 42 
584 ~ £25 é ~ 64. ~ 14) - 40 
JOG ~ 170 -~ 2 
ae ~ £00 -~ £2 
RUN No. 33 Date: 6 May ig49 RUN No. 54 Date: 6 May 1949 
Type: Combined Compression and Type: Combined Compression end Sheer. 
ohear. Constent shear Constent shear force along the 
force along the diagonal Clegonei S57 pounds. 
19 pounds 
Axial Strain Geuges Axlal strain Gauges 
Compressive (micro-in.) Compressive (micro-in.) _ 
Loed (lbs) op of Bottom of Load (lbs) Top of Bottom of 
Plete Plate Plate  DPlete 
0 ~ 16 - 18 0 - §& L 
L12 ~ FL ~ 49 56 = 28 - o> 
184 - ill - 565 26 -~ 68 -~ 84 
O72 ~ 171 ~ 45 152 - 58 ~ Ol 
180 - 87 - § 
216 -~ 112 - 
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